
TVTpthAH AnH Appariitiig Fnr Allnrnring Fiinrtinns Tn an F.lertmnirig SystFin 

The present invention relates to a multi-station communication system, and in particular to a 
communications system which can reconfigure itself to size changes and which provides a 
5 communications protocol which allows the use of point-to point communication to enable a multi- 
station system. 

Bar kgmiind nf thf^ Tnvpntinn 

The use of communications systems for the transfer of voice and data between and among 
locations has become widespread. The use of industry-wide standards and protocols has accelerated 
such use, as they allow the designers of communication systems in accordance with such standards to 
take comfort in knowing in advance that a particular level of performance can be realized. In addition, 
the use of components and systems utilizing such standards allows the specification of components and 
sub-systems to be simplified, since compliance with a particular standard eliminates the need for 
tailoring the system to accommodate a particular element's thereof characteristics, and can permit or 
facilitate the into'change of components fi"om various sources without con^atibility concerns. 

Typical communication systems utilize timing and synchronization signals to control event 
timing and to allow the passage of data between the units in a coordinated manner. One of the 
interconnected units is typically designated as a master, with the remaining units designated as slaves. 
The master unit generates the timing signals which are coordinated, or slaved, to by the remaining 
20 units. In this manner a unitary, system-wide time base and synchronization protocol is established and 
maintained. 



# # 

It is of course important that cx)ordination and synchronization is maintained as the system 
grows or shrinks. In many ^plications the reconfiguration of a system is done by a skilled technician, 
having the ability to reconfigure the system as ^propriate. Further, other systems allow the addition 
and deletion of slave units with automatic reconfi^iration, improving the versatility of such systems 
5 and simplifying the reconfiguration process. 

Time Division Multiplexing (TDM) is a particularly popular and well accepted transmission 
method for telephony systems. Some TDM standard protocols are known as ISDN/El/Tl. They 
provide a robust architecture but are most commonly used in rack-mounted systems or the like for 
point-to-point communications in \^diich interconnections between, and communications among, more 
10 than two users or locations is not typically contemplated. In an El/Tl type system, one of the 
interconnected units must be configured to provide the necessary timing and sync signals for the unit or 
units which follow. In addition, El/Tl type sfystems cannot typically be used to enable selective 
communications between a plurality of communications units as may be required in a rail car 
communications system and the like. 

1 5 Rail cars have adopted the use of communication systems utilizing microprocessors to control 

operational fimctions and passenger communications. Towards such ends, the communications units in 
each car must be interconnected. Such rail car communications systems, however, present system 
interconnection requirements which differ fi-om many other systems, and particular do not typically 
permit El/Tl protocol systems to be employed. In addition to a rail car syst^ requiring a varying 

20 number of communications units as a train is assembled fi*om individual cars, a particular car may be 
attached to an existing train or sequmce of cars at either end thereof In a similar manner, individual 



cars can be removed from a train and/or their location within a train shuflBed. This dynamic 
reconfiguration places additional burdens on the communication system between the cars. The 
coupling and uncoupling of rail cars is typically accomplished by personnel not having the necessary 
technical training required to reconfigure the communication system to accommodate the new car, nor 
5 during normal train operations do they typically have the time or are they often even permitted access 
to the communications system. Even communications systems which have the capacity to 
automatically accept the addition or deletion of additional "slave" units are ill-equipped to 
accommodate the loss of a designated master unit. 

It is accordingly a purpose of the present invention to provide a multiple unit communications 
1 0 system or networic incorporating El/Tl type architecture. 

Another purpose of the present invention is to provide a communications system, such as a 
communications system utilizing the El/Tl protocol, which allows a plurality of individual 
communications units to be interconnected and operated in a flexible manner, and without the need for 
manual reconfiguration. 

15 Yet another purpose of the present invention is to provide a method and apparatus for the 

automatic mediation and assignment of a responsibility, such as timing and/or synchronization of 
communications units, between pe^ units in a multiple unit systrai, and particularly a communication 
system. 



A fiirther purpose of the present invention is to provide a method and ^paratus for 
dynamically allocating master and non-master relationships among El/Tl protocol communications 
units as they are joined to and separated from each other within a conununications system. 

5 Still another purpose of the present invention is to provide a multi-drop communications 

system utilizing El/Tl type architecture in which communications between units may be controlled by 
a parent unit, wherein conununications are passed from or to the parent and a plurality of child imits. 

RrirfDiHtrriptinn nf thp Tnvi^ntinn 

In accordance with the foregoing and other objects and purposes, a first aspect of the present 
10 invention provides a method and ^paratus in which communications units comprising a pair of El/Tl 
type protocol communication devices or fimiers can be interconnected to form a multiple unit series 
communications system or network cq)able of supporting communications among or between any of 
the communications units in the system. While each of the El/Tl fibers operates in a point-to-point 
manner, the overall system architecture and configuration allows communications to be established and 
1 5 maintained between and among individual communications units, each one of which may be associated 
with a diflFerent rail car. 

A second aspect of the invention provides a method and apparatus for dynamically configuring 
an electrical system, such as a communications systan, having a plurality of interconnected units, to 



allow assignation of one of the units to perform a task from a plurality of the interconnected units 
capable of performing the task, and then to configure the system in response to the assignation and 
maintain the system in an operational mode, dynamically reconfiguring the system, including re- 
assignation of the task as required, and particularly as units are added or dropped from the system, 

5 In further accordance with the first aspect of the invention, each communications unit of the 

communications system comprises a pair of El/Tl protocol fi^er units, coupled together in a "back- 
to-back" orientation whereby the two fi^mers form first and second communication "ends" which are 
enabled to permit point-to-point communications between the communications unit and adjacent 
communications units to which the communications unit is directiy connected. Means are provided in 
10 each communications unit, in association with the coupling of the fibers to each other within the 
communications unit, for controlling and dispatching data which is locally generated for transmission 
by the fibers of the communications unit and for redirecting from one fi:amer to the other data 
received by either of the fibers of the communications unit. 

Communication is established between communications units on a point-to-point basis, but 
1 5 with each communication being passed along the entire length of the system. To mediate the passage 
of communications and other data along the path of interconnected communications units, one of the 
communications units is designated as a "parent" unit, the remaining units of the interconnected system 
designated as "children." Prrferably, communications are directed by the parent communications unit 
to occur between the designated parent unit and a particular one or more child units. A child is capable 
20 of effecting a transmission only in response to permission granted by the parent. Each transmission, 
however, may be passed along the entire length of the communications system to allow all units to 



recdve transmitted data for processing and action. 

In order to allow interconnected units of an electrical component system, such as a 
communications system, to configure itself and dynamically reconfigure itself as units are added or 
dropped, and in accordance with the second aspect of the invention, the electrical component units 
5 capable of or initially designated as having the potential for performing a particular task, such as the 
generation of timing and clock signals for a communications system, are identified and each is assigned 
an individual identifier. The identifiers are then passed to the other identified units and compared. If 
any two of the identified units have the same identifier, all the identified units are reassigned new 
identifiers. The comparison is repeated, and new identifiers assigned, until each identified unit has a 
10 unique identifier. One of the unique identifiers is then chosen, preferably on a random ba^s, to 
designate the unit to perform the task and the unit is so enabled. The remaining units of the system are 
then configured to interface with the enabled unit. The procedure can be performed on an ongoing 
basis to accommodate dynamic changes to the system. 

The invention may be embodied in a communications system comprising a plurality of 
1 S communications imtts coupled together in a series relationship with two opposed end or terminal units 
and a varying number of intermediate units therd>etween. In such a configuration the invention 
provides for the continued dynamic assignment of one of the terminal units as both a parent unit and as 
the source for timing signals for the communications system, and for the continued dynamic 
configuration of the remaining coupled communications imits in association therewith as child units, 
20 \^ereby changes to the length of the communications system are immediately con^)ensated for. The 
invention is thus of particular applicability to communications systems operating under El/Tl and 
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similar protocols vAich require the designation of a particular communications unit to be the source of 
timing signals for the system. 

Each communications unit is individually characterized either a terminal unit or an intermediate 
unit. This may be accomplished by consideration of signals normally generated by the communications 
5 unit based upon its connection status with other units. Each terminal unit is then assigned an identifier, 
which is passed along the communications system to the other terminal unit. The received identifier is 
compared to the recipient terminal unit's identifier. The identifiers are varied until the con^arison 
process verifies that the two terminal units have diflFerent, and thus unique, identifiers. Once this is 
accomplished one of the identifiers is designated, and the terminal unit having that identifier is 
10 configured appropriately to generate the necessary system signals. The remaining communications 
units are then configured in accordance with their status as either an intermediate unit or as the 
remaining terminal unit. 

In connection with communications systems operating under an El/Tl protocol, unit status can 
be deteramned by consideration of a sync/loss-of-sync status signals normally generated by the 
1 5 individual fi:amer units. The identification code may by a one-bit long data element (on/ofl^, generated, 
assigned and reassigned randomly. The combination of the sync/loss-of-sync and identifier signals 
associated with each communications unit can be multiplexed together to form a data word which is 
processed to generate the required configuration instructions for the individual communications units. 

In a preferred embodiment, where the terminal communications unit generating the system- 
20 wide timing and sync signals is designated as the "parent** unit for the system and all remaining units 



being deagnated as equal "children", communications can be eflfected between units by the parent 
polling each of the children for permission to send data. The parent allows child units, on a one-by-one 
basis, to transmit data to the paroit which is also passed throughout the system and recdved by all 
children to be acted upon or processed as appropriate. 

5 BrirfDi^grriptinn nf th<* DrawingiB 

A Mer understanding of the invention will be accomplished upon consideration of the 
following explanation of a preferred, but nonetheless illustration embodiment thereof taken in 
association with the annexed drawings, wherein: 

Fig. 1 is a block diagram of a portion of a communications system in accordance with the 
10 invention; 

Fig. 2 is a block diagram of individual communications units coupled together into a four-unit 
communications system, depicting the fiamers therein and illustrating the interconnection of the 
fiamers and an adaptive mode logic control circuit therein for dynamically configuring the fibers of 
the communications system in accordance with the invention; 

15 Fig. 3 is a block diagram of the two left-most pair of communications units of Fig. 2, fiirther 

illustrating how the communications units are dynamically configured in accordance with the invention; 

Fig. 3 A is a logic chart for the configuration signals generated by the invention; 
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Fig, 4 is a detailed block diagram detailing the data communications configuration of an 
individual communications unit; 

Fig. 5 is a block diagram depicting the adaptive mode log^c control circuit of the invention 
which generates the configuration signals; 

5 Fig. 6 is a state control diagram for a communications unit operating in accordance with the 

invention; 

Fig. 7 is a schematic diagram of a logic processor for a state controller circuit portion of the 
ad^tive mode circuit of Fig. 5; and 

Fig. 7A is a chart of the inputs to the logic processor. 

10 Tli^tflilpH Di>sf riptinn nf thi> Tnvi^ntinn 

With initial reference to Fig. 1, the present invention is directed to enabling the configuration of 
a plurality of interconnected electrical units, such as communications units 10 - 14, each of which 
defines a communications node. Each of the communications units 10 -14 may be located, for 
example, in a different rail car, the rail cars bdng coupled together to form a train whereby the 
IS communications units are correspondingly coupled together through multiple channel busses 18 
running between the rail cars. Each of the communications units may operate under an El/Tl 
protocol, and thus is in point-to-point commimications with its immediately adjacent node(s). One or 



more audio and/or data devices 20 may be assodated with each communications unit, and generates 
and/or broadcasts or displays the audio and other data which are transmitted by the communications 
system between and among nodes as required. Control drcuitry 22 in each communications unit 
allows the data to delivered along the entire communications system, despite the point-to-point 
5 configuration of the individual fi^mers employed in each communications unit. Utilizing the 
architecture of the present invention, an unlimited umber of nodes made be coupled together in a series 
chain with communications enabled along the entire chain as individual communications units or nodes 
are added or dropped. 

Referring next to Fig. 2, each of the nodes or communications units 10-16 includes a pair of 
10 El/Tl fi:Bmers, such as 24, 26 in end or terminal unit 10; fi^amers 24*, 26' in intermediate 
communications unit 12 or 14, or fi-amers 24", 26" in second end unit 16. Each fi:amer is a unit as 
known in the art, providing interconnects for a bus channel 18 to connect with another remote fi:Bmer 
for long distance communications. Each of the channels can comprise a large number, typically 
upwards of 30, individual data busses. Each individual bus may cany a different form of data, and is 
1 S typically assigned individually in accordance v^th the needs of the communications system. 

Each fi^amer of a communications unit is interconnected with the other fi:amer of the 
communications unit by a short distance bi-directional serial bus 32. An ad^tive mode circuit 
("AMC") 34 is coupled to the two fi^mers and serial bus, and provides the necessary configuration 
data to the fi:Bmers to allow them to operate as part of an integrated, multi-station communications 
20 system. The fi'amers also interface with the ^propriate data sources and processors, such as audio 
coders/decoders, under microprocessor control as known in the art, to allow the transmission and 

10 



reception/processang of digital data through the busses 18, as depicted in Fig. 4 and as will be discussed 
infra As each communications unit has two framers, designated as end 1 and end 2, communications 
is enabled in a point-to-point manner in each of two directions (e.g. "front" and "back"), between a 
framer and with the corresponding framer of the communications unit to which it is connected. 

Under El/Tl protocols, a framer may operate either in a master, slave or free-run mode. A 
framer operating in the master mode must be provided with clock and timing iiQ)uts from another 
source, which is used to synchronize its output data. A framer operating in a slave mode recovers 
clock and timing information from the encoded data it receives from another framer over a 
transmission line. A slave framer can pass such information to another local framer to which it is 
coupled. Configuring the coupled fi^er to operate as a master fijlfills the master's need for such 
information. A firamer operating in a free-run mode generates its own clock and timing information 
and, like a slave unit, can provide the information to another framer. In this case, however, the fi-amer 
utilizes an internal local oscillator for the creation of the information. Because the clock and timing 
signals throughout a communications system must be consistent there can be only one source (i.e., fi^ 
run firmer) of such signals for the system. 

In consideration of the forgoing, the present invention provides for the designation of the two 
end or terminal units of the communications system (10 or 16 in Fig. 2) to include a fi^run fi^er for 
the entire communications system. In communications unit 10 the free run unit would be firuner 24; in 
communications unit 16 the free run unit would be firmer 26". Because only one free run fi^er can 
20 be enabled for a communications system, the present invention further provides for the automated 
assignment of free run status, and the continued monitoring of the communications system to reas^gn 

11 



such status as required. In Fig. 3 communications unit 12 is shown as including framer 24', associated 
with the unit's "end 2," serving as a slave, recdving timing and clock data over the send/receive bus 18 
from master framer 26 in communications unit 10 and providing it over communications unit 12*s 
internal bi-directional data bus 32 to firmer 26' for "end 1," firmer 26' serving as a master for a 
5 following communications unit (14 in Fig. 2). The conununications unit 12 is then fiiUy synchronized 
to the data which it receives and sends over the bus channel 18. 

In Fig. 3 communications unit 10 is also depicted with its "end 2" firmer 24 running in a free- 
nxn mode, utilizing osdllator 36 for generation of the timing and clock agnals. Second framer 26 for 
"end 1" is configured as a master, and receives its clock and timing signals over the internal bus 32 
10 from the framer 24, and subsequently passes such signals to slave firmer 24' in the next 
communications unit 12. 

As depicted in Figs. 2 and 3, the present invention designates one fi^er of the two fibers of 
an end or terminal communications unit to operate in the free-run mode to generate the timing and 
clock signals, and the other fi:amer of the communications unit to operate as a master to pass the 

1 5 signals to the communications unit to which the terminal or end unit is coupled. The communications 
unit to which the terminal unit is coupled in turn must have a fi^er running in a slave mode connected 
to the end or terminal unit to recover the data and clock signals from the data transmitted to it from the 
end unit. The firmer at the opposite end of the connected communications unit must again be a master 
to allow it to pass the timing and clock data which it receives from its paired slave unit to the next 

20 communications unit and specifically the slave fi^er therein. Such a structure is repeated and extends 
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the length of the system. 

Conventional El/Tl systems do not afford self-configuration; when used in a point-to-point 
communications system a fi:amer must be individually configured by a technician. The present 
invention allows a continuous system of communications nodes to be established, and provides for self 
5 configuration of all the fibers therein, recognizing the end or terminal communications units and the 
individual fibers therein, assigning fi-ee run status to one of the available fi:iimers of the terminal units, 
and configuring the remaining communications units and fibers as required. 

With reference again to Fig. 3, it can be seen that the status of each fiwier of each 
communications unit is controlled by a pair of inputs, 38, 40 for the first fi^amer, and 42, 44 for the 

10 second fi^er. The two inputs for each fi^er are designated "master/not fi-ee run" and "master/not 
slave," respectively. Fig 3A is a chart depicting the posable combinations for the two inputs and the 
resulting configuration for the fi^er. As shown, a lo^c "0" at a first input (38 or 42) configures the 
fi^er in fi-ee run, irrespective of the value of the second input (40 or 44) for the fi:Bmer. With a 
logical "1" input at the first input, the fi^er is configured either as a master or a slave, dependent on 

15 the value of the second input 40/44; if the second input is "0", the fi"amer is a slave; if it is a "1" the 
fi:amer is a master. In conventional El/Tl communications systems these values are determined in 
accordance with initial system requirements and are hard-wired or junq>ered. The present invention 
generates the control ^gnal pairs for each of the communications units in the system in a continuing, 
dynamic manner to immediately and continuously configure the communications units and their fibers 

20 for proper operation as communications units are added and removed to the communications system 
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fortned by the individual cx)nimu]iications units. 

The inputs 38-44 for the two framers of each communications unit are generated by the unit's 
AMC as depicted in Fig. 5, and more particularly the state controller portion 46 thereof depicted in 
Fig. 7. Each communications unit is provided with an AMC, which both generates certain data for 
5 transmission out by the framers of the communications unit and processes both similar data received by 
the communications unit's framers from the communications units to which it is coupled as well as data 
generated by the communications unit itself 

With reference to Figs. 7 and 7A, the state controller 46 portions of the AMC comprises four 
demultiplexers 48 A-D, each of which receives three bits of data and utilizes them to generate the four 

10 control bit logic signals to be inputted to the two framers of its communications unit. The three data 
bits are led into inputs SO, SI and S2 of each of the demultiplexers, forming a 3 bit long binary input 
word referencing one of addresses 0 through 7 (000 through 1 1 1) of each of the demultiplexers, as 
presented in Fig. 7A. Each demultiplexer outputs either a high (Vcc) or low (ground) through its 
respective output O for each address as set by the data bits or inputs 50-52 in accordance with the 

15 programmed level (high or low) oftheassodated address DO through D7. 

With respect to demultiplexer 48A, for example, addresses DO through D4 are at Vcc, while 
addresses D5 through D7 are at ground. Thus, when the inputs S0-S2 for demultiplexer 48 A form the 
binary ii^>ut word 101 (or 5), the vahie of D5 (ground or 0) is outputted at O. The four output lines of 
the four demultiplexers provide the needed framer state control mpxxts 38 - 44 as seen in Fig. 3. Fig. 
20 7A depicts the state of the two framers (end 1, end 2) corresponding to each address iiq)utted to the 

14 
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demultiplexers. Framer states for addresses 6 and 7 are not listed; they correspond to an irrelevant 
state in a connected communications system. 

The inputs for SO, SI and S2 of each of the demultiplexers are a received identifier bit (SO), 
plus two bits, (SI and S2), which are indicative of the position of the communication unit in the 
5 communication system chain. In a preferred embodiment, the position values SI, S2 are derived fi'om 
internal signals generated by the firamers of the communications unit. In particular, each fi^amer in an 
El/Tl communications unit outputs a signal which is known as LOS (loss of synchronization) and 
which provides information reflecting whether the fi:amer is connected to another fi:Bmer through its 
main communications bus. This signal is a high/low value, it being high to indicate sync loss and lack 

10 of connection. The absence of LOS signals (i.e. the presence of connections) fi-om both fi-amers of a 
^ven communications unit is recognized by the AMC of the unit as indicating that the unit is an 
intermediate unit in the communications system, coupled to other communications units at both ends 1 
and 2. The presence of a single LOS signal, on the other hand, indicates that the communications unit 
is a terminal or end unit, the particular fiwer generating the LOS signal indicating the particular 

1 5 uncoupled end of the unit. Thus the AMC, by considering the LOS values, can recognize whether the 
communications unit in which it is employed is a terminal unit, cq>able of being configured with a fi'ee- 
runfi:Bmer. 

Once the determination is made whether a communications unit is an intermediate unit or an 
end or terminal unit, one of the two end units must be configured to include a fi-ee nm fi^er for the 
20 communications system, and the other end unit configured without a fi"ee nm fi-amer. The present 
invention allows the two t^minal units to "compete** with each other for fi^ee-run firmer assignment. 

15 
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This conq)etition is also conducted and resolved by the AMCs through a random "coin-toss" 
procedure, utilizing the consideration of identifier bits generated by each of the end or terminal 
communications units and transmitted to the other. 

WTith reference to Fig. 6, upon system startup each AMC enters a wait state 50, during which 
5 the conmiunications unit and its fi^mers are allowed to pass through initial self test procedures, become 
stable, and generate LOS signals. Towards this end the invention takes advantage of a further 
characteristic of El/Tl fi:amers which allows the passage of data between fi:Bmers, although 
imperfectiy, without the fibers being property configured, and thus also allows tiie generation of LOS 
signals. The presence or lack ofpresenceofthe LOS signals is then monitored. Several fi^es of data 

10 containing LOS information may be analyzed to avoid a premature state detemiination. If the AMC 
detects the presence of two LOS signals, the AMC recognizes that the communications unit is an 
intermediate unit, not capable of participating in the coin toss procedure. If only a single LOS signal is 
present, indicating that the communications unit is an end or terminal unit, an id exchange state 64 is 
entered by the AMC. (The presence of two LOS signals, represented by addresses 6 and 7 in Fig. 7A, 

15 corresponds to a unconnected unit and thus an invalid configuration for a coupled communications 
unit.) 

When the id exchange state is entered, the AMC of the communications unit first generates an 
identifier. The identifier is preferably a single bit "1" or "0," generated in a random feshion. As seen in 
Fig. 5, a fi-ee-running osdllator as known in the art (not shown) may be utilized to provide a first clock 
20 signal 52, \^ose output is latched to that of a second free-running oscillator (also not shown) 
operating at a diflFerent frequency and providing second clock signal 54, The frequencies are arbitrary, 

16 



but are preferably chosen to be higher than the El/Tl frame rate, such that the resulting beat is 
asynchronous with the fi^e rate. Random bit generator 56 uses the two clock signals to generate a 
one bit "0" or "1" identifier, which is latched into a register within the random bit generator. The lack 
of synchronization between the clock units, coupled with chance, insures that the identifier latched in 
5 the register will be essentially random, and that the identifier generated by the other AMC of the other 
terminal or end communication unit, similarly generated, will be different on average 50 percent of the 
time. The identifier bit is placed on line 58 for transmission out of the connected Cramer of the 
communication unit, as well as being passed to comparator 62. Because data transfer is enabled upon 
startup, the identifier bit is passed along the entire string of coupled communication units until it is 
10 received as an "Rx id" bit (see Fig. 46) by the other terminal or end unit. Simultaneously, the other 
terminal or end unit is developing its own identifier and is transmitting it out through its coupled fimer 
to be received by the first end unit as its Rx id. 

As the identifier is transmitted, the AMC receives the identifier broadcast by the other terminal 
or end communications unit on line 60 and enters the verify state 70 in Fig. 6. If the communications 
15 unit is an intermediate unit (determined by consideration of its LOS signals) the verify state is 
immediately entered without generation of an identifier. The intermediate unit merely passes the 
identifiers it recdves from the units to which it is coupled from the receiving end and fi^er to the 
other. 

In the verify state 70 the AMC of a terminal unit compares the received identifier in 
20 comparator 62 to the value of its own (transmitted) identifier. For initial configuration purposes, the 
output of the conq)arator, indicating \^ether the two idGitifiers are the same or different, is monitored 
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for 16 data frames at 66, the output of the test being passed to state controller 46 as an enable signal. 
If the two identifiers are different for 16 consecutive flames the state controller is so advised and 
enabled, allowing the state controller to configure the fiamers, and the nm state 72 (Fig. 6) is entered; 
the communications units being configured for operation. 

5 If the two identifiers are the same, the AMC in each of the terminal units returns to the wait 

state at 74 and causes the assignment of a new identifier for its unit by the random bit generator 56. 
The newly generated identifier bit is again passed to the other terminal unit, and the comparison is 
again made. New pairs of identifier bits are continued to be generated by the terminal communications 
units and con:q>ared by both units until the 16 fiame difference test is met. Each terminal unit then has 
10 a unique identifier assigned. 

Once the difference test is passed and the run state 72 entered, the state controller processor of 
Fig. 7 in each communications unit processes the LOS and identifier data (if needed) to configure the 
fibers of the unit for proper operation. WTith reference to Figs. 3A and 7 A, an Rx id value of 1 
configures the respective communications unit with a free-run fi^er coupled to a master. The 
15 particular fiamer in the communications unit which is configured for free-nm is determined by vAnch 
LOS signal is present. As each of the intermediate communications units has no LOS signals, the 
programmed logic allows Rx id values to be ignored. 

With the communications system in the run state 72, The AMC of each communications unit 
continues to monitor the identifiers latched and passing along the system. When an AMC of a terminal 
20 unit encounters the same received identifier as its own for a minimum of four fi-ames in a series of 16 
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(block 68 in Fig. 5) the state controller 46 places the communications unit back into the wait state 50, 
causing new identifier bits to be generated and a new assignment of fi:amer configurations to be 
generated. While a four fi^me change can be the result of transient interruptions in data flow, it also 
results when a lack of communication along the connected units occurs, such as vAien a rail car is 
5 uncoupled firom the train, or a new communications unit (rail car) is added to an existing 
communications system. In either case, the AMCs sense the change and cause an immediate 
reconfiguration to occur, re-identifying each communications unit in the system as an intermediate or 
terminal unit, and generating identifiers as ^propriate to assign a firmer fi-ee nin status and reconfigure 
the entire communications system as needed. The entire reconfiguration typically requires between 20 
10 to 200 fi^es of data. With typical El/Tl clock speeds, configuration will take fi-om a few 
milliseconds to a few tenths of a second. The specific choice offourfiwes is arbitrary. The number 
of flames required, however, should be chosen with consideration of the size of the system and the 
likely error rate. 

With proper fi^amer configuration enabled, data is transferred fi*om communications unit to 
15 communications unit in the system through a series of point-to-point links established between the 
coupled fibers of adjacent communications units. As El/Tl fi^mers have a plurality of digital data 
communications channel busses, a plurality of individual channels can be utilized for a plurality of 
diflferent types of data. In a rail car train, for eKample, intercom and public address signals can be 
placed on different channels, in which the audio information is converted to and transmitted in a 
20 digitized form as known in the art, while the transmission of identifier bits is made over another 
channel. Each communications unit may also include the necessary circuitry, as known in the art, to 
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digitize generated audio ^gnals and convert recdved digital data to an analog signal as required. The 
present invention utilizes a first set of channels to control the passage of the communications data by 
the use of preamble bits in association with an individual communication unit's identification data. The 
preamble data, which may be placed for example on channels 0-3, directs and controls the 
S corresponding channels of communications data, for example channels 4-7 

Figure 4 is a block diagram of the interconnection between the firamer 24' and a fi:Bmer 26' in a 
given communications unit, such as unit 12 or 14 in Figure 2. The local communications serial bus 32 
between the firmer units is shown as a pair of interconnections, one of which transmits information 
fi"om fi^er 24' to fi^er 26' , the other transmitting data firom fi^er 26' to firmer 24'. In practice, 

1 0 however, each of the lines comprise a plurality of lines or channels, for both preamble data and diflferent 
communications data. Each of the channels (both transmit and receive for each of the fibers) is 
provided with an insertion multiplexer 76 which allows locally generated data to be placed on an 
^propriate channel line and passed to each of the fibers for transmission to the coupled 
communication units in the system. Each of the insertion multiplexers 76 are coupled to insert control 

1 5 78 which both directs the delivered data to the proper channel and controls the insertion timing thereof 
Insert control 78 in turn is fed by a series of data conversion/processing units, such as codecs 80, each 
of which encodes or processes data, such as analog audio data, received fi-om an ^propriate input 
device, such as a public address microphone system, intercom, or the like, and converts it into an 
appropriate format, such as a digital format, for ultimate transmission by the fi:amers 24', 26'. The 

20 actual nunjber of codecs or other conversion/processing units will be determined by both the number of 
audio channels required for communication purposes and the ultimate capabilities of the fibers. In 
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addition to receiving the encoded audio data, insert control 78 receives preamble data on control 
channels 0-3. The preamble data configures each of the communications units of the system in a 
dynamic manner for transmission and receipt of the audio data on channels 4-7. 

Bus interface 82, which is coupled to a CPU for the communications unit, provides the 
5 preamble signals for insert controller 78 and generates such information to identify the inserted data 
such that it can be passed to selective communication units, as and if required. By pladng the preamble 
information on separate channels from the data which it controls, processing of the preamble 
information can be performed without risk of corrupting or dropping portions of the controlled data. 

In addition to the serial bus 32 being provided with insertion multiplexers 76, it is also provided 
10 with a pair of demultiplexers 84 which allow the extraction of data received by the fi^mers. The 
demultiplexers extract the received digital data on each of the channels and, through control switches 
86, pass the data for appropriate processing, including decoding into analog signals as ^propriate. 
Among the output of the demultiplexers 84 is received preamble identification data of the type added 
by insert control 78. The received preamble information is detected by preamble detector 88 vAdch in 
1 5 turn is coupled to the switches 86, controlling the switches to allow the received communications data 
to be decoded if received preamble information indicates that it is destined for the particular 
communications unit. The output of the preamble detectors is also led to timing controller 90, which 
provides the sdective timing for the insertion of data to insure that generated data for transmission out 
does not conflict or collide with data generated by other communications units passing along the 
20 systeoL 
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As shown in the figure, both sets of transmit/receive channels of serial bus 32 are provided with 
both insert and multiplexers 76 and demultiplexers 84. In operation, however, communications across 
the serial bus are enabled only in one direction. That is, only one multiplexer and demultiplexer of a 
communications unit is active, each active device being associated with a diflFerent group of channels. 
5 One of the end or terminal communications units is configured in a loop-back mode, such that the 
received data is re-transmitted back to the communications unit to which the terminal unit is connected. 
This ensures that, even though transmissions between communications units fiow in only direction, all 
transmissions travel throughout the system. The direction in \diich the data passes is not critical. 
Indeed, the choice of direction may be made in a random manner. Because the coin-toss procedure 
10 discussed above provides for dynamic reallocation of fi-ee-run status to a terminal unit, it may be 
eflSdent to use the same indicator bit to control data fiow direction. Use of such a bit also allows for 
dynamic reconfiguration of the communications units at the communications level as units are added or 
dropped to the system. 

Each communication units CPU is aware of the nature of the communications unit as either a 
1 5 terminal/end unit or an intermediate unit, and also whether, if a terminal unit, the unit is set for fi-ee nm. 
In a preferred embodiment of the invention, the communications unit set for fi-ee run is also designated 
the parent unit for communications purposes. Accordingly, that unit controls the communication 
traffic on the system. This is done by requiring a communications unit to seek control of a 
communications channel before data is placed thereon. By having one communications unit, and 
20 particularly the designated parent unit supervise all communications, conflicting and colliding data to 
one or more child units on channels are prevented. 
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When a child unit requires access to a bus for transmission purposes, it must first obtain 
"permission" fi-om the parent unit. Preamble data on control channel is utilized for such purposes. All 
children monitor the control channels on one end and retransmit the received preamble data out the 
opposite end fi'om which it is received. 

5 The parent unit polls each child unit individually on a periodic basis to determine if a child unit 

requires access to a bus for a transmission. Again, the polling may be performed by the transmission of 
appropriate preamble data. The poll request is passed down the line fi'om communications unit to 
communications unit, allowing it to reach the unit to which it is directed. As each communications unit 
has an individual identification, a poll request can be designated for a particular unit and can be 

10 recognized as such by each unit in the system as it is passed therealong. When the poll request reaches 
the polled child, the child unit transmits a poU response within a specified poll response period, which is 
again passed by one of its fi-amers out the ^propriate end of the unit and passed fi-om unit to unit until 
it reaches the parent unit. After each child has been polled and given a poll response opportunity, the 
parent issues a "poll response fi-om parent" preamble message, typically granting authority to transmit 

IS on a particular channel. The poll response fi-om parent message is similariy passed along the line fi-om 
communications unit to communications unit and is acted upon as required by each child unit. An 
"event" can be attached to dther a poll request or poll response fi-om parent transmission. This can be 
for example, an instruction to each child in a rail car system unit to update a sign message board in the 
car associated with the child unit. The event is received and re-transmitted by each child along the 

20 communications system, insuring that all units receive the event information and act on it accordingly in 
accordance with the preamble information assodated with the transmission. Again, as each 
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communication unit has a specific identifier associated with it, events can be directed to specific units as 
required. All of the foregoing is preferably implemented and controlled as known in the art by the 
communications units* cpus. 
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